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Abstract 
Traditional industry sectors, like paper making industry, tend to stay within well-known technology rather than 
going forward towards promising, but still quite new technical solutions and applications. This study analyses the 
feasibility of the laser cutting in large-scale industrial paper making processes. Aim was to reveal development and 
process related challenges and improvement potential in paper making processes by utilizing laser technology. 
This study has been carried out, because there still seems to be only few large-scale industrial laser processing 
applications in paper converting processes worldwide, even in the beginning of 2010´s. Because of this, the small-
scale use of lasers in paper material manufacturing industry is related to a shortage of well-known and widely available 
published research articles and published measurement data (e.g. actual achieved cut speeds with high quality cut 
edges, set-up times and so on). It was concluded that laser cutting has strong potential in industrial applications for 
paper making industries. This potential includes quality improvements and a competitive advantage for paper machine 
manufacturers and industry. The innovations have also added potential, when developing new paper products. An 
example of these kinds of products are ones with printed intelligence, which could be a new business opportunity for 
the paper industries all around the world.  
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1. Introduction 
Laser technology has been used for materials processing for over 40 years. Lasers are applied in many industrial 
processes too. In the given contexts, laser technologies are used in such processes as laser welding, hybrid welding, 
laser cutting of steel, etc. (Salminen et al. 1996, Salminen 2010). Nowadays, it has become more common to apply 
lasers for processing of non-metallic materials too, in addition to metal processing areas. Especially CO2-lasers are 
suitable for processing wood-fibre based materials, which does indicate possible potential for applying laser 
technologies in business areas of paper making industries (Eltawahni et al. 2013, Piili et al. 2009). 
Laser cutting has wide potential for paper making industries. For instance, high speed cutting of paper material is 
achievable with good cutting edge quality (smooth edge, without any sticking out fibres, no change in colour and the 
cut line is straight). However, most of known application areas of lasers are marking, slitting and scoring applications 
in paper industry. Industrial implementation of laser technology in the paper/board manufacturing industry has 
remained limited. This situation somewhat started to change in late 1990´s, when the laser equipment became more 
affordable and the performance and reliability of laser equipment was improved (Piili 2013). The development lead 
into increased interest towards lasers as tools in industrial context, also among the paper industries (Malmberg et al. 
2006b). But still, the needs wary a lot between customers. There are cutting needs inside the process and in the post-
processing after exiting from inside the wet end. Some examples of these needs are: edge trimming of web in roll 
winder, cross-machine direction cutting of web, e.g. for start of new paper roll, slitting of web to customer width, 
sheeting of web, cutting of package blanks etc. and high-speed cutting. But the most typical challenge of the laser 
cutting technology commercialization is high equipment investment cost of industrial lasers along with a need of 
highly trained personnel. These reasons might be the main factors, which restrict use of laser technology in industrial 
sectors that have not started to use lasers in wide variety of applications.  
2. Background of this study 
Laser technology has been applied to paper and board cutting since 1970’s. But still, even when it is well know 
that a CO2 laser is sufficient to cut non-metallic materials too, the main application of laser technology for paper based 
materials has been in other application areas than cutting. Typical application areas of lasers case of paper based 
materials are slitting and scoring applications (Powell 1989, Rämö 2004, Piili et al. 2009, Piili 2013). Depending on 
the application area in paper industries, lasers can be used in multiple different ways and with different purposes. 
Pauler (2002) has shown that when light meets paper material, many interactions with the 3D network of wood fibers 
and light can take place. Some of these interactions are reflection, refraction, diffraction and absorption, which all 
have effect on how laser interacts with the fibres in the points where laser beam meets the surface of the material. This 
is because paper material actually is microscopically a 3D network, not a flat, even and uniform solid sheet as it 
appears in macro scale (Niskanen 1998). In addition of challenges of paper structure and interaction of the laser beam, 
Ramsay and Richardson (1992) have shown, that the chemical and mineral particles in paper material can result e.g. 
visible yellow colour in to the cut edge, if the laser power exceeded the required minimum power level for good 
quality cut. Ramsay and Richardson (1992) noticed that if focal point is moved away from the top of cut surface, there 
was strong yellowing of cut kerf. When in right position, there was no yellowish cut kerf as then the energy density 
in focal spot is high enough to cause direct material evaporation. Direct evaporation of material does not produce 
yellowish cut kerf on cut edge. 
Laser cutting is considered to be dust-free method to cut, but due to possibilities for in process smoke formation, 
the final product may obtain some odours too. In some cases, odours like these are not accepted at all. Malmberg et 
al. (2006b) suggest that laser cutting of papers could still potentially be a substitute for conventional cutting methods. 
Substitutions could happen, e.g. when current cutting method is done by hands (with operator), size of production is 
constantly below 1000 units, there is a demand for high accuracy, cut of expensive materials is a must and maximum 
acquisition and minimum waste are essential or customers demand fast delivery times with flexibility in defining the 
product parameters. 
Conventionally cutting of paper material is mainly processed with mechanical blade or by die. Water jet cutting is 
used in some process areas of paper industry, but not that much, since water jets cannot be applied to final products. 
Water contact causes swallowing of the edges what may lead to web breaks in further processing after the cut (i.e. 
printing) (Anon 1992). Also with mechanical paper or board cutting, cut quality can be affected or the edges might be 
ruined in cuts. E.g., a typical challenge with mechanical cuts is the dust which consists of pieces of small-sized fibres 
and pigment particles ripped out from the papers by the cutting blades physical contact. This dust from the mechanical 
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shredding of paper will cause problems inside the product process later on. The dust is also a potential danger source 
for fire and occupational health related problems. Dust may generate quality and equipment related problems in paper 
printing houses. Especially with the mechanical cutting, the coarse cut edge which contains out-sticking fibre endings 
causes many problems in liquid packaging industry because the rough cut edges naturally like to absorb liquids 
(Ramsay and Richardson 1992). Fig. 1 represents the difference between laser cut edge and mechanical cut edge of 
paper material with Scanning electron microscope (SEM) Pictures (Malmberg et al 2006a). SEM shows the significant 
difference in the quality of the edge, in the amount of clear fibre endings. 
Current systems for water jet cutting vary 
significantly from older paper making machines (speeds 
approximately to 500 m/min), when simple water jets 
were used, to more modern complex systems. Fig. 2 
shows generic water jet station with its typical parts for 
edge trimming. The main criterion for good quality cut 
edge is laminar flow of the water jet. The jet should be 
without any air incorporation with uniform cross-
section and it should hit the material with sufficient 
pressure to cause proper edge trimming results. Non-laminar flow water creates danger of web breaks in machines in 
following process sections, as a result of uneven cutting kerf in paper edges. The unevenness may damage the fabric 
as the wear and fibrillation of the yarn may lead to fabric breakouts. Laser cutting head typically work in the range of 
15-40 bar pressure mainly to keep focus lens clean, and this way obtain good cut kerf quality. Faster machines require 
more water pressure and at the same time lower diameter of the water jet nozzle for better result with the cut quality. 
Water quality, e.g. the purity level of water, becomes one important factor since with small nozzle diameter the risk 
of plugging will increase. Nowadays, different arrangements of water jets are used. Single nozzle water jets are used 
in papermaking machines with speeds up to 500 m/min. Two single nozzles one after another can be used to the 
increase of speed of cutting, twin nozzle systems are used for high speeds machines (Kershaw 2007). 
Fig. 2. Edge trimming unit layout (Kershaw, 2007). 
Cutting of fiber materials is still mainly done conventionally by mechanical blade cutting, die-cutting or with 
rotating die-cutting tools. High pressure cutting water jet became in 80’s as a competitive cutting method, especially 
in edge trimming area in wet end of the paper making process. Laser technology put a new challenge in 90’s for these 
two older mechanisms, especially in packaging and paper converting industries (Malmberg et al. 2006b). In their test, 
(Malmberg et al. 2006b), found that a typical magazine paper can be cut with laser beam at speed of 4400 m/min. 
Current paper machine speeds are 2000-2500 m/min. In study of laser cutting of office paper (grammage 80 g/m²), 
Archer et al. (2005) noticed, that threshold value of cutting speed is increasing linearly with laser power. If the speed 
is increased or the power is lowered too much, the cut result is not complete or sufficient. Also Ramsay and Richardson 
(1992) did show that laser power has to be increased for cutting thicker paper compared to cut of thinner papers. In 
addition, Federle and Keller (1992) did cut different paper materials (grammage 80-170 g/m²) with a 600 W laser, 
concluding that grammage and cutting speed do not depend linearly on each other. Considering these research results, 
laser cutting of paper material could potentially substitute conventional cutting methods in different applications in 
related industries. For example, in paper and board making industry, edge trimming can be done with laser instead of 
blade tools or water jets. Lasers are already used in paper making process to mark product information, such as the 
batch number, product quality, width, weight, grammage and other information. In this context, e.g. paper 
manufacturing company “Papierfabrik Adolf Jass” the change from old marking methods to laser based method was 
1 Water jet nozzle 
2 Support plate (for faster fabric removal or installation) 
3 Nozzle support system 
4 Knob for manual adjustment  
5 Water pressure adjustment valve 
6 Filtration unit
7 High pressure joint 
8 High pressure hose 
9 Support of fabric 
10 Flat suction box 
11 Forming fabric 
Fig. 1. SEM images of edge (a) laser; (b) and mechanical cuts. 
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made as a part of plat modernization, with requirements of improved legibility of the drum data, minimization of 
maintenance costs, as well as increased system availability. 
3. Aim and purpose of this study 
The research focused on examining the possibilities of linear laser cutting in paper industry context. The goal was 
to analyse the feasibility of the laser cutting for paper material from technical, cut quality and applicability point of 
view. This study has been carried out, because there still are only few large scale industrial laser processing 
applications in paper making processes worldwide. Mostly the reason for small-scale use of lasers in this industry 
might be a shortage of well-known and widely available published research for laser cutting, which is part of the 
reason for high R&D costs. An additional challenge for lasers applications in paper making processes could be the 
possible coloration of paper material, e.g. the yellowish and / or greyish colour of the cut edge. This coloration can 
appear during cutting or after the cutting process. Unwanted results like that, can restrain the use of laser to process 
paper materials.  
Still the background research and literature shows that laser cutting is applicable, in these environments (Powell 
1993 and Malmberg 2007) and a high cutting quality can be achieved through correct parameters Stepanov (2011). 
High cutting speed is achievable, when the laser power vs. cutting speed is correctly set. Based on literature search, 
this sort of background information is not widely and easily available, so this study is trying to collect the scarce 
sources of information, in one publication. The study compares this information for laser cutting of paper materials to 
more traditional cutting methods, to show the possible and clear benefits available with laser based cutting 
technologies.
4. Experimental procedure 
This linear laser cutting implementation study is based on earlier studies (Malmberg et al 2006a, Piili 2013) on 
laser cut kerf quality and cutting speed researches. Those earlier studies provided the basic background knowledge 
for this study. Background study was carried out using TRUMPF TLF 2700 CO2 laser, producing laser beam with 
wavelength of 10.6 μm and power range of 100-2500 W. In this study, a comparison study was made for three different 
cutting methods, considering their advantages and disadvantages. The information was combined on table format and 
success factor analysis was made. The success potential vs. risk in implementation was analysed and the results were 
described in scale from 0 to 9. Also a textual explanation was given for the success factors. The analysis follows 
simple format. Value 0 in tables, means that the success potential in the implementation is low and the risk level for 
failure is high. Number 9 means a very high possibility for success and very low or minimal risk for failure.  
5. Results and discussion 
5.1 Comparison between mechanical, water jet and laser cutting 
Mechanical blade and die cutting are most traditional, reliable and quite efficient method for paper cutting, 
especially in case of high volume production. Machinery is easily available and well developed, which reduces the 
needed investment costs as well as maintenance costs due to availability of spare parts and consumables, compared to 
other options. Table 1 shows the possible advantages and disadvantages of mechanical cutting. As the Table 1 reveals, 
mechanical cutting has several drawbacks that constrain wide range of applicability of this technology. First of all, 
mechanical cutting implies contact with material which leads to wear of the tool bits in the machine and this transfers 
micro level particles from the cutting tool, into the cut edge of the paper. The wear increases the cost of cutting and it 
means some time spent on maintenance tasks, which reduces the “up time” of the cutting machine. Mechanical cutting 
also limits the possible geometries one tool can cut, which affects economy (cost go up) in case of production 
parameters are changing every now and then and it restricts flexibility of the process. It is known that when 
conventional manufacturing methods are compared to laser manufacturing methods, Betts (2010): “Laser’s cost-
effectiveness is in large part down to speed – lasers are many times faster than mechanical cutting, and although it 
cannot match the speed of a punch press, it is faster and cheaper to set up. When comparing to punch press, it depends 
on the run size.  Engel notes. “For five parts, don’t bother investing on punch press tooling, but for 100,000, do tool. 
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Table 1. Advantages and disadvantages of mechanical cutting of paper material. 
Advantages Disadvantages 
Cost-effective in large scale production Life time of mechanical parts is short 
Relatively low investment costs Product working face is rough, uneven & open 
Simple maintenance processes 
Operators do not need to be experts 
Low maintenance costs 
High availability of replacement parts 
High noise level 
High dust formation 
New tool needed for each new geometry 
Restriction in cut geometry (e.g. close holes) 
Water jet cutting finds its application mainly in edge trimming of paper web in wet end of paper making machines. 
Table 2 shows advantages and disadvantages of water jet cutting. 
Table 2. Advantages and disadvantages of water jet cutting 
Advantages Disadvantages 
Tool-free production High energy demand for pressure generation 
Dust-free and smoke-free production High operating noise levels 
No thermal effect on material 
High speed 
Environmentally friendly technology 
Material needs drying to be cut 
No geometry cutting available with papers 
Water pressure purge in accidents 
As it can be seen from Table 2, main advantage of water jet cutting is the non-contact cut process; it is dust and 
smoke free and environmentally friendly too. However, applications in other paper cutting context are limited, as 
water jet cutting cannot be applied for manufacturing final products. Replacement of water jet cutting in wet-end of 
paper machine is quite a difficult task for any competing technology since the current systems are so simple, efficient 
and environmentally friendly in the task that they do. It would be extremely difficult for e.g. laser cutting to compete 
with that in the wet end. As comparison to water jet cutting, in laser cutting, the main advantage is the high flexibility 
and water free cut method. Flexibility allows fast changing of cutting parameters as well as materials and it allows 
fast reaction to the changing needs in the market. Challenges of the laser cutting can be the high equipment investment 
cost along with a need in highly trained personnel, which may restrict use of laser technology. These and other 
advantages and disadvantages with laser cutting are gathered into the Table 3 in below.  
Table 3. Advantages and disadvantages of laser cutting of paper material. 
Advantages Disadvantages 
Tool-free production High investment costs 
Dust-free production (clean working face) Operators need to be specially educated 
Noise-free production 
Reduced penetration of liquids 
Geometry change is easy, fast & flexible 
Fast re-programming of the process 
Expensive spare parts 
Smoke formation 
Poor energy efficiency 
Harmful fumes (from polymer coated paper) 
As Table 3 illustrates, the main advantage for laser is high flexibility and contact free cut method. This allows fast 
changing of cutting parameters as well as materials and fast reaction to needs in the market. Challenges of the laser 
cutting are the high equipment investment cost along with a need in highly trained personnel, restricting the use of 
laser technology. Collaboration with other companies in the same field might be the key answer in here to compete 
against the high investment cost in the start. According to Westphal et al. (2007) collaboration is today an established 
option to deal with the increase in product and service complexity, dynamics of changes, requirements upon 
responsiveness and still crowing high quality demands. Collaboration can help to overcome the limitations of a single 
enterprise, especially smaller sized enterprises, regarding competencies, capacities and financial resources. From 
occupational health point of view, laser cutting is a dust-free method but some smoke formation is possible. Because 
of his, the final product may obtain odours, which might not be acceptable in certain applications. The same sort of 
problem is also present in mechanical cutting; only difference is that with the mechanical cutting, the problem source 
is dust, not smoke, which may be present in the end product. 
5.2 Evaluation of business possibilities of laser cutting of paper materials 
The business opportunities for linear laser cutting are promising; there are many different business opportunities 
for utilizing this development potential and also possible market gains can be identified. One important key factor in 
succeeding in applying these opportunities is the different interest groups in markets. Several different interest groups 
which can have major role in generating the business will need to be identified. For example, there is a need to identify 
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following: customers readiness for adapting to new technology (e.g. actual need to upgrade inefficient cut process), 
actions of competitors trying to prevent customer growing interest towards laser technologies (false information / 
beliefs) and correct business configuration: large company as customer – small company as vendor, 
partners/subcontractors/vendors. 
When paper, board or packaging industries look for solutions to replace old non-flexible mechanical cutting with 
more flexible technologies, the upgrade to laser cutting might be an excellent option. The trend demand of more 
customer oriented and customized end products is one key driver for need for added flexibility. Customer orientation 
is important as by answering to customer needs, companies can achieve better coverage and profit Ulrich and Eppinger 
(2004). In case of paper material, laser cutting can offer e.g. short set-up times, flexibility to make small fast changes, 
flexibility to make customized versions and low equipment cost (e.g. no tooling required). 
Based on the research results of Malmberg et al. (2006a), it is quite easy to achieve production speeds that can 
really challenge the maximum speeds of existing mechanical cutting systems. Currently this is easily done in small 
batches case where the relative high cost of mechanical tool and exchange time of tool parts will make the laser cutting 
cheaper and more flexible than any other feasible technology. At the moment the threshold number of parts is roughly 
between 1000 and 10000 pieces. Dependency between batch size and costs is illustrated in the Fig. 3. 
Fig. 3 illustrates idea for breakeven point for comparing laser and mechanical cutting. In the ideology, laser 
competes easily with mechanical solutions when batch size is small what refers to e.g. small scale production or 
individual products. In addition to already shown 
potential of lasers in paper making, following could 
be considered: short set-up times for making 
different widths, ability to cut in direct combination 
with digital printing process and flexibility to cut 
different material qualities. On another hand, in 
paper industry, the companies are considered to be 
conservative and they have learned to live with the 
existing tools and they have the confidence for their 
capability run affordable production with these 
older tools. They will invest on cost reductions, but 
in average, they will not be the first ones to do that. 
5.3 Success potential analysis of linear laser cutting of paper materials 
For the success potential analysis from technical, quality and implementation point of view potential and success 
factors (shortened to SF in the table) were analysed considering provided business opportunities in applicability of the 
technology and considering the overall value chain and investments required. Results are shown in Tables 4 and 5. 
Success factor value 0 means the success potential is low and the risk level for failure is high. Number 9 as value 
means there is a very high possibility for success and the failure risk in the given area is low.  
Based on summaries in table 4 and 5, high cutting speed can be nowadays achieved with laser cutting without the 
typical dust and tooling challenges in more traditional methods. This fact means that lasers are potential tools to 
substitute conventional cutting methods, for example die and blade cutting tools. 
Fig. 3. The breakeven points (circles) for laser cutting: (a) current systems (b) 
systems with fast mechanics. 
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Table 4. Success factor (SF) analysis for different technical implementation, comparing mechanical, water jet and laser cutting.
 Mechanical Cutting Water Jet Cutting Laser Cutting 
Area 1 – linear 
cutting speed to 
machine direction 
(compared to speed 
of paper machine ~2 
km/min) 
Advantage: Existing methods 
cover cutting speeds of 
industrial applications 
Disadvantage: Mechanical 
blades wear and they have to be 
changed frequently SF 8 
Advantage: method cover speed 
need of industrial applications 
Disadvantage: Jet cutting causes 
“swelled edge” so it can only be 
used in edge trimming SF 7 
Advantage: Cutting speed of 4.7 km/min 
is achieved at LUT for LWC base paper 
Disadvantage: Cutting place has to be “in 
air” to avoid reflections under the cutting 
place SF 7 
Area 2 – linear 
cutting to cross-
machine direction 
Advantage: Can work within 
paper machine speeds 
Disadvantage: Lot of dust is 
released and blades need 
changing frequently SF 8 
Advantage: Water jet cutting 
needs special assembly and cross-
machine cutting is difficult to 
accomplished SF 0 
Advantage: Is achievable with acceptable 
speed, but cutting might be problematic as 
CO2 laser beam collimation is lost in 
around 10 m 
Disadvantage: None SF 6 
Area 5 – variety of 
materials that can 
be cut 
Advantage: All paper material 
can be cut 
Disadvantage: Cutting speed of 
very thick material is slow. A lot 
of dust caused by cutting. SF 9 
Advantage: All paper material can 
be cut 
Disadvantage: Water jet cutting 
cannot be applied for final 
products. SF 4 
Advantage: Most paper materials can be 
cut
Disadvantage: Cut edge can turn visibly 
yellow colored by time. For unbleached 
papers it works better but not for bleached 
ones.  SF 7 
Area 6 – complexity 
of mechanical set-
up 
Advantage: Mechanical tools 
enable series production so as 
installation is done it can be 
used for 24/7 use 
Disadvantage: Cutting 
machines are big and need a lot 
of power SF 7 
Advantage: Water jet cutting does 
not release dust 
Disadvantage: Water jet cutting 
need high pressure water, abrasive 
and a special cutting station SF 5 
Advantage: A laser can be used for several 
purposes 
Disadvantage: Quality of CO2 laser beam 
worsens as function of distance. Needs 
location quite near to cut station. Optics 
for beam guidance is complex, causing 
challenges in industrial set-ups SF 6 
Table 5. SF analysis for quality and implementation, comparing when mechanical, water jet and laser cutting. 
Mechanical Cutting Water Jet Cutting Laser Cutting 





Advantage: Can cut complex 
geometries for large series with high 
speeds, producing creasing 
simultaneously with cutting 
Disadvantage: Requires new tool 
for each geometry SF 7 
Advantage: Linear cutting can be 
done for most of paper grades 
Disadvantage: Does not allow 
complex geometries SF 4 
Advantage: Laser allow cutting of complex 
geometries of small series production 
Disadvantage: Creasing of complex 
geometries is not doable SF 7 
Area 4 – 
cutting
quality
Advantage: Cutting edge is clean 
Disadvantage: A lot of dust is 
released during cutting. Dust is 
problem in print houses as it 
worsens print quality and causes 
problem to print process SF 8 
Advantage: Water jet cutting do 
not release dust and it is fast 
method 
Disadvantage: Causes edge 
“swallowing”, bad for further 
processing stages SF 6 
Advantage: When paper is cut with laser 
beam, less dust is released as if it is 
compared to mechanical cutting 
Disadvantage: Cut edge of some paper 
grades (as grades with mechanical pulp) 
become yellowish by time SF 7 




Advantage: High speed cutting 
blades are safety as cutting station is 
housed well 
Disadvantage: Dust released during 
cutting is a fire hazard SF 8 
Advantage: Housed water jet 
cutting stations are safe to use 
Disadvantage: As high pressure 
and abrasive is used, occupational 
safety needs attention SF 7 
Advantage: A contact-free and low noise 
method. Attending the safety issues, it is 
service free method 
Disadvantage: Special safety regulations 
are needed (laser is safety hazard) SF 7 
Area 8 – 
flexibility
of method 
Advantage: Cutting of large series is 
fast and cost-efficient 
Disadvantage: Changing of cutting 
geometry requires a new tool SF 7 
Advantage: Water jet cutting is 
fast and do not release dust during 
cutting
Disadvantage: only high speed 
linear cutting can be done SF 4 
Advantage: A contact-free tool and only 
new cutting geometry needs programming. 
Disadvantage: Mechanical pulp in papers 
make laser cut challenging (cut edge gets 
yellow by time) SF 8 
6. Conclusions and further studies 
The purpose of this study was to show how laser processing is known in processing of paper materials. And based 
on the findings, it could be argued, that there is still high amount of potential with lasers available for this industry. 
By offering new information into field of this research area, where previous results are mainly shown part of the whole 
picture, it is easier now for new concrete implementations to surface. 
This study provided a view on laser cutting technology in comparison to existing cutting technologies. 
Comparisons were made with blade cutting and water jet cutting, describing industrial implementation possibilities 
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for laser cutting through revealing the success factors in different cutting related aspects. In this study, it was concluded 
that basic challenges for implementing laser based technologies in paper industry context can vary a lot between 
different implementation cases. Each possible implementation case has to be modelled before applying new 
technologies into the production environment where all advantages and disadvantages will be considered carefully.  
Considering the quality of laser cut result with paper material, the quality of paper material itself has the most 
significant role in influencing the grade of end result on the cuts. Thus if the earlier laser tests have been made hasty, 
and with mediocrity quality paper, the first impressions might have been wrong and miss leading, considering the 
quality and applicability of laser cutting, in this industry area. To be able to challenge old ways of working, new 
earning logic has to be considered with the application of the new technology. This comparison study does reveal that 
laser cutting has number of advantages over existing technologies, giving additional value into this industrial context. 
For instance, laser technology shows higher flexibility than other methods. However, such factor as conservativeness 
has to be considered, which might block the use of these benefits of laser technology in full scale. 
The solutions and research data revealed that laser cutting of paper material has proven to have a strong potential 
for industrial applications. Lasers in practical context provide cost savings and quality improvements for paper 
manufacturing industry and a competitive advantage for paper machine manufacturers. The laser technology has also 
potential for developing new paper material products, such as products with printed intelligence, which is a large 
business opportunity for the whole global paper making industry. 
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